561st MEETING, LEEDS 231 concentration of plasma corticosterone rises at weaning, when fatty acid oxidation is falling. However, it is likely that the hepatic capacity for fatty acid oxidation is regulated by the interactions of both hormones and the diet.
The greatest extent of brain development is reached in placental mammals. Brain growth occurs at different rates in relation to the timing of birth in different mammalian species (Dobbing, 1972) . In man, about 70% of brain cell-division occurs before birth, and in postnatal brain development the emphasis changes from cell division to expansion of cell volume and myelination.
The principal structural component in the brain is lipid. Myelin-type lipids predominantly contain saturated and mono-unsaturated fatty acids, whereas cellular and synaptosome material is particularly rich in arachidonic acid (Cz0 : 4, n...6), adrenic acid (Czz : 4, "-6) and cervonic acid (CZ2 : 6 , n--3).
In all animals there is a mechanism for the biosynthesis of the saturated and monounsaturated acids typical of myelin, but synthesis de nouo of the Czo and CZ2 polyenoic acids does not occur. However, small animal species (body weight 1 3 kg) have the capability of synthesizing these long-chain polyenoic acids from precursors of vegetable origin : Cls:z,.-a: -C18:3,n-6 -C20:3.n-6 -iC20:4,n-S -C22:4.n-6 but carnivorous species apparently lack the A6 desaturase and are unable to synthesize Czo:4, n-6 and czz:6, n-3 from linoleic acid and linolenic acid, e.g. the cat (Rivers et a[. 1975 ) and the turbot (Owen et al., 1975) .
I
In large herbivorous mammals (body wt.>20kg), the ability to desaturate and chain-elongate linoleicacid (C18:2,"-6) and holenic (C18:2,n-6) acid seems likely, owingto the presence of the Cz0 and Cz2 metabolic products in their tissue lipids. However, liver phosphoglycerides accumulate substantial amounts of linoleate (e.g. in the equines 400mg/g of phospholipid acyl groups), and yet the metabolic derivatives are present only in small proportions (4 % of the molecular species of polar phospholipids).
The comparative evidence indicates that the brain only uses long-chain polyenoic acids (arachidonic acid, adrenic acid and cervonicacid). Further, the pattern of these acids is similar, regardless of species or food-selection patterns, and the species variation in relative brain development appears to be in size rather than in essential lipid nutrients (Crawford & Sinclair, 1972; Crawford et al., 1976) . This evidence also suggests that the extent of brain growth may be dependent on essential lipids as well as on placentation.
We used the guinea pig as a model of human brain growth because of its long gestation period (60 days). We examined the transfer of radioactively labelled linoleic acid, linolenic acid and arachidonic acid to the developing foetal brain in the guinea pig and found that orally administered 14C15:2.n-6 fatty acid was metabolized to arachidonic acid to only a small extent (<2% of the total isotope recovered from maternal liver at 24h as Czo : 4, "-6). However, the proportion of labelled arachidonic acid was progressively higher in the placenta and in foetal liver, reaching about 25 % in the foetal brain.
A similar biomagnification was demonstrated by following the radioisotope recovery from [L4C]linolenic acid. Administration of labelled arachidonic acid, by contrast, yielded higher proportions of radioisotope in foetal brain lipids, suggesting that it was taken up by the developing foetal brain greater than 10 times more actively than its precursor, linoleic acid.
Studies on human maternal-cord blood and foetuses revealed an almost identical biomagnification process of the long-chain polyenoic acids towards the foetal brain, which was reflected in a decrease in the amount of c l 8 polyenoic acids and increase in Czo and Cz2 polyenoic acids in cord blood, foetal liver and foetal brain, by comparison with maternal blood.
These results demonstrate conclusively that the foetus is not simply dependent on the maternal supply or stores, but it actively changes the lipid molecular species before incorporating them into brain-cell structure. The low recovery of chain-elongation and desaturated polyenoic acids from maternal guinea-pig liver suggests that the ability of animals to produce long-chain acids may have been overestimated. As brain cell division still occurs postnatally in man, we have examined the long-chain acids in human milk from 92 different mothers from five different countries. Although milk lipids varied somewhat in composition, it was the similarity of composition that was the more striking feature, rather than the variability. As human milk contained both long-chain polyenoic and mono-unsaturated acids (e.g. nervonic acid, CZ4: we studied the fate of orally administered linoleic acid, arachidonic acid, linolenic acid and cervonic acid in lactating mothers using appropriately rich foods. In summary, oral linoleic acid increased milk linoleic acid but had no detectable influence on milk arachidonic acid.
However, administration of only small amounts of arachidonate increased milk arachidonate, again suggesting that A4, As and A6 desaturases are not especially active in man.
By following the change in milk composition with time over a period of 9 months we found that, although at the beginning of the lactation the milk was rich in long-chain polyenoic acids associated with brain cell division, their molar proportion fell with time; and the molar proportion of the long-chain saturated and mono-unsaturated acids rose. This change in milk biochemistry was a change from the lipids involved in brain cell division to those involved in myelination and in that sense reflected the internal neurochemistry of human brain growth in which the emphasis changes postnatally from cell division to myelination.
The study of human foetuses and the blood triglycerides of neonatal animals suggests that the triglycerides accumulate long-chain polyenoid acids during gestation; hence the neonatal animal can obtain long-chain polyenoic acids for structural lipids both from previous foetal storage and from maternal milk; in experimental conditions this double defence mechanism can only be broken down with difficulty (Talli et a[., 1972 ; Karlsson, 1975) .
